Ribotyping was used to characterize 34 Clostridium perfringens strains isolated from 10 food poisoning cases and outbreaks over a 7-year period. Twelve different ribopatterns were generated by EcoRI digestion. In eight food poisoning cases and outbreaks, all of the ribotypes of each food and stool isolate were found to be identical. Two C. perfringens isolates showed unique patterns. Ribotyping was found to be a useful tool for determining the genetic relationship of C. perfringens isolates in the context of foodborne poisoning cases.
Clostridium perfringens is a gram-positive, spore-forming, anaerobic rod. This bacterium can be responsible for food spoilage and can produce an enterotoxin (CPE) which is released upon lysis of the vegetative cell during sporulation in the intestinal tract. CPE causes food poisoning in humans and some animals (2, 8, 10) . C. perfringens is also a part of the normal intestinal flora. Therefore, typing of C. perfringens is of great importance for investigating food poisoning sources and for studying the epidemiology of this microorganism.
Phenotypical differentiation procedures as well as DNAbased typing methods have been used successfully for strain differentiation of C. perfringens. Among them were plasmid isolation (3, 7), sodium dodecyl sulfate-polyacrylamide gel electrophoresis (6), and ribotyping of patients' and hospital environment isolates (4) . This report describes the examination of 34 food poisoning-related C. perfringens isolates by ribotyping (5). Table 1 shows the 34 C. perfringens isolates investigated from 10 foodborne outbreaks and cases which occurred between 1984 and 1991 in Eastern Germany. Two to six isolates from foods and patient stool samples were available for each outbreak and case. Isolates were cultured, purified, identified, and kept in a Microbank storage system (Mast Diagnostica, Reinfeld, Germany) at Ϫ18°C as described by Eisgruber et al. (3) . Before the ribotyping, the purity of the isolates was reensured by culture of the isolates twice on Columbia sheep blood agar (Unipath, Ltd., Basingstoke, Hampshire, United Kingdom).
MATERIALS AND METHODS

Strains.
Ribotyping. Ribotyping was carried out according to the method described by Grimont and Grimont (5) . Clostridia were grown anaerobically overnight in brain heart infusion broth (Unipath Ltd.). An aliquot of 1.5 ml of that suspension was centrifuged (13,000 ϫ g, 10 min). DNA was isolated by the guanidium thiocyanate method of Pitcher et al. (9) with the modifications described by Björkroth and Korkeala (1) . Five micrograms of DNA was cleaved with EcoRI (Boehringer Mannheim GmbH, Mannheim, Germany) according to the manufacturer's instructions. The DNA concentrations were determined with a UV spectrophotometer (UV/VIS spectrometer Lambda 2; Perkin-Elmer, Norwalk, Conn.). DNA fragments were separated in 0.8% agarose gels (16 h, 25 V). Digoxigenin (DIG)-labeled phage lambda DNA (Boehringer Mannheim GmbH) was used as a molecular size marker. After gel electrophoresis, DNA fragments were transferred by the method of Southern (11) to a nylon membrane (SigmaAldrich, Deisenhofen, Germany). The membrane was air dried first, followed by DNA fixation at 180°C for 0.5 h. The membrane was sealed in a plastic bag and prehybridized for 2 to 4 h in a 58°C water bath. Hybridization with the DIGlabeled probe was carried out overnight at 58°C. The solutions used for hybridization, washes, and detection of the DIG label were the ones described for the DIG DNA labeling and detection kit (Boehringer Mannheim GmbH).
DIG-labeled probe. The DNA probe was prepared from Escherichia coli 16S and 23S rRNA (Boehringer Mannheim GmbH) by reverse transcription and labeled by incorporation of DIG-dUTP with avian myeloblastosis virus reverse transcriptase according to the manufacturer's instructions.
Evaluation of ribotyping results. The pattern was read visually. Patterns of the isolates were compared within each case and outbreak, respectively, and with all other isolates. All 34 C. perfringens isolates were analyzed repeatedly to test the reproducibility of the results. The DNA of each strain was prepared three times, and the samples were electrophoresed on different gels.
RESULTS
Altogether, 12 distinct ribotype patterns were found among the 34 C. perfringens isolates analyzed. Those 12 patterns were clearly reproducible in three different runs. Patterns differing by one or more bands were considered different. An example of 14 ribotyping patterns derived from three outbreaks (I, III, and IX) is given in Fig. 1 . The results of ribotyping are listed in Table 1 , together with the results obtained by plasmid profiling, as previously described by Eisgruber et al. (3) .
In 8 of 10 outbreaks and cases, identical ribotype patterns for all isolates were detected. Two unique ribotypes were found in outbreaks III and IX. Outbreak III showed five identical ribotypes among six isolates derived from foods and feces. One feces isolate (954/85) revealed a different pattern.
In outbreak IX, all four fecal isolates showed identical ribotypes. However, the C. perfringens strain isolated from the presumptive outbreak related to chicken fricassee (174/90) had a different and unique pattern.
All results were clearly reproducible. The strains gave identical ribotype patterns in three runs on different membranes.
DISCUSSION
DNA-based typing of isolates is of great importance for tracking epidemiological and causal relationships within given food poisoning outbreaks. In this study, the use of ribotyping for the differentiation of C. perfringens was investigated by using food and stool isolates from 10 clinical food poisoning outbreaks and cases.
The C. perfringens strains of all 10 outbreaks and cases showed different ribotype patterns. Within eight outbreaks and cases (I, II, IV to VIII, and X), all isolates had identical ribotypes. These results are consistent with the findings of a previous study (3) , in which identical or very similar plasmid profiles were reported. The ribotyping results give a strong indication that the isolates within each of these eight outbreaks and cases are genetically very closely related. Since the food isolates tested were epidemiologically implicated as sources of the outbreak or case (3), it can be assumed that the C. perfringens strains found in food and stool caused the disease. Therefore, the respective foods have been confirmed by ribotyping as the source of infection in 8 of 10 outbreaks or cases.
Two food poisoning outbreaks (III and IX) showed different ribotypes within each. Their different plasmid profiles have been reported (3) . Among the six isolates of outbreak III, one unique ribotype was detected (954/85 [feces isolate]). The other five isolates from foods and stool were identical. In outbreak IX, the ribopattern of the food isolate (174/90) differed from that of the four feces isolates with identical patterns. The following possibilities have to be considered concerning outbreaks III and IX. On the one hand, two genetically different C. perfringens strains could have caused the disease, but randomly only one of them was detected from food. This could be suspected in outbreak IX, because only a single isolate from poultry fricassee was available for this examination, and it showed a pattern different from that of the four stool isolates which were identical. On the other hand, it must be considered that only one of the two ribotypes detected in outbreaks III and IX might have caused the disease; ribotyping results clearly show that, e.g., feces isolate 954/85 of outbreak III is genetically not related to any food isolate or any of the other patients' stool isolates. This is underlined by the result of plasmid profiling: 954/85 contains a plasmid with a unique molecular mass (21.0 MDa). It should also be considered that isolate 954/85 might belong to a C. perfringens population normally colonizing the intestinal tract of this patient and might not be involved at all in the outbreak.
According to the ribotyping results, food isolate 174/90 (outbreak IX) is genetically not related to any of the patients' stool isolates. This conclusion could not be drawn by plasmid profiling results. Here it must also be considered that the food isolate either might not be the only agent causing the disease or might not be involved in the outbreak at all. It is remarkable that in outbreak III, two C. perfringens isolates with identical ribotypes were isolated from two foods (heart goulash and cauliflower salad). This might be a hint of cross-contamination during preparation or storage of the foods.
These results show that ribotyping has a potential for classification of strains below the species level. Ribopatterns can be interpreted more easily than plasmid profiling results. Ribotyping was very useful for the epidemiologic investigation of foodborne disease outbreaks and cases caused by C. perfringens. Cleavage by EcoRI can be recommended as a standard method. 
